Background: Whether females have better survival than males in nasopharyngeal carcinoma is barely acknowledged and the exact explanations remain unknown.
Nasopharyngeal carcinoma (NPC) is a malignancy with unique geographic distribution. It is rare in Europe and the United States, with an incidence of 0.5-2 per 100 000 (Ferlay et al, 2004) . By contrast, NPC is endemic in Southern China and Hong Kong (Chang and Adami, 2006) where the incidence can be as high as 20-30 per 100 000. There is a common feature of the incidence rates almost in all populations-the male predominance, with a male-to-female ratio of 2-3 : 1 (Ferlay et al, 2004) .
With regard to the prognostic effect of sex on the treatment outcomes of patients with established NPC, significant female advantage in survival was found in a randomised controlled trial about chemotherapy (Lee et al, 2005) , but null results were reported in the other three trials (Chen et al, , 2012 Fountzilas et al, 2012) . Although female NPC patients were found to have higher survival rates than male counterparts in a retrospective comparison (Xiao et al, 2013) , the causes remain confused. It was previously assumed that behavioural differences across sex, especially diagnostic delays, might contribute to the observed sex differences in survival of caner of oesophagus (Bohanes et al, 2012) and melanoma (Joosse et al, 2013) . According to the populationbased evidence of age-dependent sex ratio in the incidence of NPC with an inflection at menopause ages and a delay of developing NPC in females before menopause (Xie et al, 2013) , we proposed another hypothesis of the intrinsic biologic sex differences, mainly about the protective effect of oestrogen. If the first assumption in other cancers can be applied to NPC, then it is of great necessity to fully balance the interactions of sex and other behavioural prognoses, especially tumour stage. If the second hypothesis holds, then it is important to detect the survival advantage of female sex in all types of disease progression (e.g., both locoregional relapse and distant metastasis) on one side, and no survival superiority of female sex among postmenopausal patients on the other.
To well balance the influence of covariates, we compared the survival outcomes of male and female NPC patients using the propensity score matching method (Baser, 2006; Austin, 2009 ) and multivariate analysis. To clarify the exact explanations, the influence of behavioural factors and intrinsic biologic trait was further analysed by assessing the magnitude of the prognostic effect of sex in different groups.
PATIENTS AND METHODS
Patients. This retrospective study was approved by the Institutional Review Board at Sun Yat-sen University Cancer Center, and individual informed consent was waived given the anonymous analysis of routine data. Between January 2005 and December 2010, 5929 newly diagnosed, biopsy-proven, non-metastatic and hospitalised NPC patients who were at the age of 20 or above were entered into this study. All patients had complete pretreatment evaluation including patient history, physical examination, haematology and biochemistry profiles, fiberoptic nasopharyngoscopy with biopsy, magnetic resonance imaging (MRI) of the nasopharynx and neck, chest radiography, abdominal sonography and Technetium-99 m-methylene diphosphonate (Tc-99-MDP) whole-body bone scan. Patients were restaged according to the seventh edition of the International Union against Cancer/American Joint Committee on Cancer staging system for NPC (Edge et al, 2010) .
Treatment. All patients were treated by definitive intensitymodulated radiotherapy (IMRT) or conventional radiotherapy (CRT) with or without chemotherapy. Further details of the radiation techniques used at our centre have been described previously (Lai et al, 2011) . Institutional guidelines recommended no chemotherapy for patients in early stage, and induction, concurrent and adjuvant chemotherapy or combined treatment for those in locoregionally advanced stage. Induction or adjuvant chemotherapy consisted of cisplatin with 5-fluorouracil, cisplatin with taxane or triplet of cisplatin and 5-fluorouracil plus taxane every 3 weeks for 2-3 cycles. Concurrent chemotherapy consisted of cisplatin given on weeks 1, 4 and 7 of radiotherapy or cisplatin given weekly. Deviation from the institutional guidelines was result from organ dysfunction, treatment intolerance and/or patient refusal.
Follow-up. Patients were examined every 3-6 months during the first 3 years, with follow-up examinations every 6-12 months thereafter until death. During this period, patients were assessed by history and physical examination and a series of conventional examination equipment at each follow-up visit, to detect the possible relapse or distant metastasis. Local relapses were confirmed by biopsy, MRI scan, or both. Regional relapses were diagnosed by clinical examination and an MRI scan of the neck and, in doubtful cases, by fine needle aspiration of the lymph nodes. Distant metastases were diagnosed by clinical symptoms, physical examinations and imaging methods including chest radiography, bones scan, MRI and abdominal sonography. Patients without recent examination tests in the medical records were followed up by telephone call.
Statistical analysis. We selected male patients who were matched with the female counterparts using propensity score matching. This is a method for creating similar case (female) and control (male) sets from an existing data set on the presumed covariates, to reduce possible biases to a minimum in a retrospective analysis (D'Agostino, 1998 (Kaplan and Meier, 1958) . Crude and adjusted hazard ratios with 95% confidence intervals for sex (with male sex as reference) were calculated using Cox regression analysis or Cox regression model with time-dependent covariates if the proportional hazards assumption did not hold (Cox, 1972) . DSS, OS, LRFS and DMFS were defined as the time from treatment to death resulting from NPC or treatment complications, to death from any cause, to the first locoregional relapse and to the first distant metastasis, respectively.
All statistical analyses were performed using IBM SPSS Statistics version 22.0 (http://www-01.ibm.com/software/analytics/spss/downloads. html). Two-sided P-valueso0.05 were considered to be significant. Tables 1 and 2 ) and the excluded patients by matching (Supplementary Tables 3 and 4) were statistically different across sex. However, the included males and females after matching in each group had similar mean of age and BMI, smoking status, drinking status, histology, titres of VCA-IgA and EA-IgA, T-stage, N-stage, clinical stage, radiation techniques and chemotherapy regimens (Tables 1 and 2 ).
RESULTS

Patients
Survival outcomes. Compared with male patients, female counterparts showed significant advantage across all end points in both early stage (DSS rates at 5 years 97.1% vs 91.7%, P ¼ 0.002; OS rates at 5 years 97.1% vs 91.7%, P ¼ 0.003; DMFS rates at 5 years 97.9% vs 93.4%, P ¼ 0.006; and LRFS rates at 5 years 94.8% vs 92.0%, P ¼ 0.017; Figure 1A -D) and advanced stage groups (DSS rates at 5 years 86.2% vs 80.7%, P ¼ 0.014; OS rates at 5 years 85.8% vs 80.6%, P ¼ 0.021; DMFS rates at 5 years 85.5% vs 80.4%, P ¼ 0.006; and LRFS rates at 5 years 91.5% vs 87.5%, P ¼ 0.042; Figure 1E -H). In accordance with the criteria adopted in previous studies.
However, this female survival advantage across all end points was limited at premenopausal age (p45 years) (DSS rates at 5 years 91.5% vs 87.1%, P ¼ 0.015; OS rates at 5 years 91.3% vs 87.3%, P ¼ 0.023; DMFS rates at 5 years 89.8% vs 85.4%, P ¼ 0.028; and LRFS rates at 5 years 91.6% vs 88.4%, P ¼ 0.042; Figure 2A -D). There were no significant differences in DSS (rates at 5 years years) (DSS rates at 5 years 78.9% vs 78.4%, P ¼ 0.525; OS rates at 5 years 78.9% vs 78.0%, P ¼ 0.518; DMFS rates at 5 years 86.8% vs 85.6%, P ¼ 0.344; and LRFS rates at 5 years 88.4% vs 89.3%, P ¼ 0.509; Figure 2I -L).
Multivariate analysis. Accounting for age (continuous), smoking, drinking, histology, titres of VCA-IgA (o80/80-320/X320) and EA-IgA (o10/10-40/X40), BMI (continuous), T-stage, N-stage, clinical stage, radiation techniques and chemotherapy regimens in multivariate analysis, the significant female advantage persisted for DSS, OS, DMFS and LRFS, regardless of clinical stage (Table 3) .
With adjustment for the same covariates, female sex was an independent, significant protective predictor of DSS, OS, DMFS and LRFS for patients at premenopausal age, along with DMFS for patients at menopausal age. However, sex was not significantly associated with the DSS, OS or LRFS of patients at menopausal age, or any of the end points of patients at postmenopausal age (Table 4) .
DISCUSSION
The most appealing result of this study is the convincing prognostic advantage in DSS, OS, DMFS and LRFS from female sex for patients with nasopharyngeal carcinoma using the propensity score matching analysis. Currently, this propensity score matching analysis, along with multivariate analysis, provides the fairest comparison of matched male and female patients to evaluate the sex effect. This protective effect of female sex is fairly consistent with that reported in the literature for NPC (Lee et al, 2005; Xiao et al, 2013) and other cancers (Hidaka et al, 2007; McGovern et al, 2009; Bohanes et al, 2012; Cheung et al, 2013; Joosse et al, 2013) .
The remarkable sex differences in survival were used to be presumably explained by sex differences in lifestyle behaviour and diagnostic delays in other cancers (Bohanes et al, 2012; Joosse et al, 2013) . However, in this propensity-matched study, several behavioural factors (e.g., smoking and drinking status and BMI) and multiple indicators related to diagnostic delays (e.g., T-stage, N-stage, clinical stage, titre of VCA-IgA and EA-IgA) were well balanced, and even taking these confounders into account caused little shift from crude to adjusted hazard ratios and failed to overturn the significant sex effect. More importantly, sex remained the independent prognostic value across all end points (DSS, OS, DMFS and LRFS) in locoregionally advanced nasopharyngeal carcinoma, as demonstrated in patients with early stage, although the relative female advantage declined from the 51-67% advantage in early stage to a nearly 30% advantage in advanced stage (Table 3) . Therefore, our findings indicate that similar to oesophageal cancer (Bohanes et al, 2012) and melanoma (Joosse et al, 2013) , common lifestyle behaviours and diagnostic delays cannot fully explained the survival differences of male and female NPC patients, and the underlying biologic traits of female sex may have a pivotal role in a much more profound way.
The hormonal differences, especially oestrogen and oestrogen receptor (ER), are very representative of the biologic traits. The levels of oestrogen and ER in the female are known to differ before and after menopause; so there is an oestrogen and ER hypothesis that in postmenopausal women, the survival advantage from oestrogen against men should decline or even completely vanish. Since age is commonly considered as a surrogate for menopause, and only 5% of women enter menopause after age 55 years (McKinlay et al, 1992) , the survival differences of male and female patients were examined in three age groups. We found that the sex differences existed across all end points in premenopausal age (p45 years), restricted to DMFS in menopausal age (46-54 years), and totally disappeared after menopause (X55 years). Therefore, this finding highly supports the oestrogen and ER hypothesis. Actually, this oestrogen-related sex disparity had already been displayed in the incidence of developing nasopharyngeal carcinoma (Xie et al, 2013) . Unfortunately, little is known about the association of female hormone and survival or the underlying mechanism. This is likely to be the functional result of genetic variants, for example, the VEGF-2578 CC genotype, which was associated with tumour progression and frequently involved with the male patients as indicated by Nasr et al (2008) . Additionally, it was reported that inhibition of ER-a with a repressor (NAG7) could promote nasopharyngeal carcinoma invasion via upregulation of JNK2/AP-1/MMP1 pathways (Huang et al, 2009) . Apart from the hormonal differences, another way in which the intrinsic biologic traits of sex directly exert is the response rate and probability of side effects from treatment, especially the chemotherapy. Sex-biased expression levels of metabolic enzymes and transporters in liver and kidney lead to different pharmacokinetics for most common anti-cancer drugs. In women, half-life is often longer, which exactly results in a better response rate of cisplatin in female NPC without increasing toxicity (Schmetzer and Florcken, 2012) . Finally, other literature-mentioned plausible explanations for the female advantage include the differences in immune homeostasis (Bouman et al, 2005) and body iron stores (Mascitelli and Goldstein, 2013) . Further researches are warranted to confirm or exclude any of these hypothetical biologic explanations.
The major strength of this study lies in the investigation of sex effect in nasopharyngeal carcinoma using propensity score matching and multivariate analysis. This directly addressed the limitations of divergent confounders, treatment heterogeneity and selection bias associated with the retrospective assessment of observational data (Austin, 2009 ). Additional strength is that the common hypotheses to explain the sex differences were tested, for the first time, in separate groups of matched male and female nasopharyngeal carcinoma patients.
Anyway, it was a limitation that the presented data were derived from a single institution in endemic area with expertise in diagnosing and treating this disease. Moreover, since data on DNA copy number of the Epstein-Barr virus were missing in most of cases, VCA-IgA and EA-IgA were taken as the surrogate. Finally, true anamnesis on menopausal status, data on hormonal analysis and information on hormone replacement therapy were missing in this retrospective study. However, stratified analysis by three age groups was a valuable alternative to indirectly disclose the correlation of survival differences across sex with hormone, because age is commonly considered as a surrogate for menopause. These issues would be addressed in the coming prospective study.
In conclusion, sex significantly affected the survival of nasopharyngeal carcinoma, with a definite female advantage across all end points, independent of other prognostic factors. This female survival advantage persisted in all stages of this cancer, but disappeared among postmenopausal women. It was strongly associated with the underlying biologic traits of sex, rather than the behavioural sex disparities. Sex is of great necessity to be stratified for analysis in the upcoming randomised controlled trials. 
